
US00875877OB2 

O 

(12) United States Patent (10) Patent No.: US 8,758,770 B2 
Brod (45) Date of Patent: Jun. 24, 2014 

(54) ALPHA-MSH THERAPIES FOR TREATMENT Swanborg, Immunological Reviews, 2001, vol. 184, pp. 129-135.* 
OF AUTOMMUNE DISEASE Bergh et al., “Monthly intravenous methylprednisolone in relapsing 

remitting multiple Sclerosis—Reduction of enhancing lesions, T2 
(75) Inventor: Staley A. Brod, Bellaire, TX (US) lesion volume and plasma prolactin concentrations.” BMC Neurol 

ogy, 6:19, 2006. 
(73) Assignee: Research Development Foundation, Brod and Burns, “Suppression of relapsing experimental autoim 

Carson City, NV (US) mune encephalomyelitis in the SJL/Jmouse by oral administration of 
type I interferons.” Neurology. 44:1144-1148, 1994. 

(*) Notice: Subject to any class the t d this Brod et al., “Ingested (oral) alpha-MSH inhibits acute EAE.” 
patent is extended or adjusted under 35 Cytokine, 39(1):4, 2007. 
U.S.C. 154(b) by 658 days. Brodet al., “Ingested (oral) alpha-MSH inhibits acute EAE.” Journal 

of Neuroimmunology, 193(1-2):106-112, 2008. 
(21) Appl. No.: 12/897,591 Brodet al., “Oral administration of human or murine interferon alpha 

Suppresses relapses and modifies adoptive transfer in experimental 
(22) Filed: Oct. 4, 2010 autoimmune encephalomyelitis.”J Neuroimmunol. 58:61-69, 1995. 

O O Brod, “Gut response: Therapy with ingested immunomodulatory 
(65) Prior Publication Data proteins.” Archives of Neurology, 54(10): 1300-1302, 1997. 

US 2011 FOO59891 A1 Mar 10, 2011 Filippini et al., “Corticosteroids or ACTH for acute exacerbations in 
s multiple sclerosis.” Cochrane Database Syst. Rev. 4:CD001331, 

Related U.S. Application Data 2000. 
(63) Continuation of application No. 1 1/874,058, filed on Hoggard et al., “Peripherally administered Nle". Phe-alpha 

Oct. 17, 2007, now Pat. No. 7807,143. melanocyte stimulating hormone increases resting metabolic rate, 
s s s while peripheral agouti-related protein has no effect, in wild type 

(60) Provisional application No. 60/829,915, filed on Oct. C57BL/6 and ob/ob mice.” J. Mol. Endocrinology, 33:693-703, 
18, 2006. 2004. 

International Search Report and Written Opinion issued in Interna 
(51) Int. Cl. tional Application No. PCT/US2007/081656, dated May 19, 2008. 

A6 IK38/22 (2006.01) Luger et al., “New insights into the functions of alpha-MSH and 
CO7K 14/575 (2006.01) related peptides in the immune system.” Ann NYAcadSci,994:133 
CO7K 14/47 2006.O1 140, 2003. 

(52) U.S. Cl. ( ) Mahmood et al., “Selection of the first-time dose in humans: com 
USPC ......... 424/198.1: 514/6.9: 514/9.7: 514/16.6; parison of different approaches based on interspecies scaling of clear 

514/17.9, 514/186: 514/805, 514/866, 514/903 in Photocol. 469267.200. McDonold et al., “Recommended diagnostic criteria for multiple 
(58) Field of Classification Search Sclerosis: guidelines from the International Panel on the diagnosis of 

None multiple sclerosis.” Ann. Neurol. 50: 121-127, 2001. 
See application file for complete search history. Miranda and Alewood, "Accelerated chemical synthesis of peptides 

and small proteins.” Proc. Natl. Acad. Sci. USA,96:1181-1186, 1999. 
(56) References Cited Moustafa et al., “Inhibition of tumor necrosis factor-alpha stimulated 

NFkappaB/p65 in human keratinocytes by alpha-melanocyte stimu 
U.S. PATENT DOCUMENTS lating hormone and adrenocorticotropic hormone peptides. J. Invest. 

Dermatol., 119:1244-1253, 2002. 
2,904,471 A 9, 1959 Kuehl, Jr. ........................ 514/12 Nambaetal, “Induction of regulatory T cells by the immunomodulat 
2.992,165 A 7, 1961 Thompson .. ... 514/12 ing cytokines alpha-melanocyte-stimulating hormone and transform 
28. }: A 88. Rind etal 5. ing growth factor-beta2.J Leukoc Biol. 72:946-952, 2002. 
5,028,593. A 7, 1991 Lipton ........ ... 514/18 pitsynication. issued in U.S. Appl. No. 11,874,058, dated 

3.68 A 88: ES5 "sis. is gunication. issued in U.S. Appl. No. 11,874,058, dated 
5,674,839 A 10, 1997 Hruby et al. ...................... 514.9 ep. Z. 
5,714,576 A 2, 1998 E. et al. ... 530/312 
6,338,834 B1 1/2002 Jurisson et al. .............. 424,169 (Continued) 
7,169,603 B2 1/2007 Hedley et al. .............. 435/320.1 
7,790,153 B2 9/2010 Brod et al. .. 424/85.7 Primary Examiner — Bridget E Bunner 

2002/0193332 A1 12/2002 Hedley ... ... 514/44 Assistant Examiner — Fozia Hamud 
2007/0185.030 A1 8/2007 Brod ............................... 514f13 (74) Attorney, Agent, or Firm — Parker Highlander PLLC 

FOREIGN PATENT DOCUMENTS (57) ABSTRACT 

DE 3345.358 6, 1985 Methods and compositions for the enteral treatment of 
P 3. RE autoimmune disease Such a multiple Sclerosis with polypep 
EP WOO2,06316 1, 2002 tide therapeutics. Enteral therapeutics comprise monomeric 
WO WO 2005, O72271 8, 2005 alpha-MSH polypeptides such as ACTH. Therapeutic formu 
WO WO 2005/123107 12/2005 lations of the invention may be used to reduce the incidence or 
WO WO 2006/021814 3, 2006 severity of autoimmune disease. For instance methods for the 

OTHER PUBLICATIONS oral treatment of multiple sclerosis with alpha-MSH and 

Lazaret al. Mol. Cell. Biol., 1988, vol. 8, pp. 1247-1252.* 
Wells, Biochemistry, 1990, vol. 29, pp. 8509-8517.* 

ACTH are described. 

7 Claims, 4 Drawing Sheets 

  



US 8,758,770 B2 
Page 2 

(56) References Cited 

OTHER PUBLICATIONS 
Office Communication, issued in U.S. Appl. No. 11,874,058, dated 
Jun. 3, 2009. 
PCT International Preliminary Report on Patentability, issued in 
International Application No. PCT/US2007/081656, mailed Apr. 30, 
2009. 
Peters, “The Self-Similarity of the Melanocortin System.” Endocri 
nology, 146:529-531, 2005. 
Rajora et al., “Alpha-MSH modulates experimental inflammatory 
bowel disease.” Peptides, 18(3):381-385, 1997. 
Sandman et al., “An analog of MSH/ACTH 4-9 enhances interper 
Sonal and environmental awareness in mentally retarded adults.” 
Peptides, 1:109-114, 1980. 
Scholzen et al., “alpha-Melanocyte Stimulating Hormone Prevents 
Lipopolysaccharide-Induced Vasculitis by Down-Regulating 
Endothelial Cell Adhesion Molecule Expression.” Endocrinology, 
144:360-370, 2003. 
Taylor and Namba, “In vitro induction of CD25+ CD4+ regulatoryT 
cells by the neuropeptide alpha-melanocyte stimulating hormone 
(alpha-MSH).” Immunol Cell Biol. 79:358-367, 2001. 
Taylor et al., “Neuropeptide regulation of immunity. The 
immunosuppressive activity of alpha-melanocyte-stimulating hor 
mone (alpha-MSH).” Ann NY Acad Sci., 917:239-247, 2000. 

Taylor, “Modulation of Regulatory T Cell Immunity by the 
Neuropeptide Alpha-Melanocyte Stimulating Hormone.” Cell Mol 
Biol (Noisy-le-grand), 49: 143-149, 2003. 
U.S. Appl. No. 08/887,731 entitled “Method of Treating Auto-Im 
mune Diseases Using Type One Interferons.” by Staley A. Brod, filed 
Apr. 21, 1997. 
Van der Zee et al., “alpha-MSH and Org.2766 in peripheral nerve 
regeneration: different routes of delivery.” Eur: J. Pharmacol., 
147:351-357, 1988. 
Yin et al., “Generation of expression constructs that secrete bioactive 
alpha-MSH and their use ni the treatment of experimental autoim 
mune encephalomyelitis.” Gene Therapy, 10(4):348-355, 2003. 
Brodet al., “Oral administration of IFN-alpha is superior to subcu 
taneous administration of IFN-alpha in the Suppression of chronic 
relapsing experimental autoimmune encephalomyelitis.” Journal of 
Autoimmunity, 9(1):11-20, 1996. 
Office Communication, issued in European Patent Application No. 
07 84.353.8, dated Oct. 19, 2010. 
“Experimental autoimmune encephalomyelitis.” Wikipedia, The 
Free Encyclopedia. Wikimedia Foundation, Inc. Jan. 1, 2011. Avail 
able online at http://en.wikipedia.org/wiki/Experimental autoim 
mune encephalomyelitis. Accessed Apr. 7, 2011. 
Lehmann et al., “Spreading of T-cell autoimmunity to cryptic deter 
minants of an autoantigen.” Nature, 358: 155-157, 1992. 

* cited by examiner 



U.S. Patent Jun. 24, 2014 Sheet 1 of 4 US 8,758,770 B2 

2.5. 

2 

5 

,5. 

15 1617 is 19 20 21 22 23 24 25 
days post immunization 

FIG. 1 

2, 5253. 
, 5 

O 
15 617 is 192021222324252s2 2s293031 

days post immunization 

FG. 2 

  

  



US 8,758,770 B2 Sheet 2 of 4 

Thi cytokines 

Jun. 24, 2014 

3500 

3OOO 

250 

- 2000 

OOC 

O 

U.S. Patent 

CNS spleen 

FIG. 3 

  

  



US 8,758,770 B2 

CNS 

Sheet 3 of 4 

Th2 cytokines 

Jun. 24, 2014 

spleen 

8 8 8 8 8 8 3 º 
$ $ $ $ $ $ $ 

|uu? fid 

U.S. Patent 

FIG. 4 

  



US 8,758,770 B2 Sheet 4 of 4 Jun. 24, 2014 U.S. Patent 

chemokines 

35) 

3OOO 

250 

CNS splear 

FIG. 5 

  



US 8,758,770 B2 
1. 

ALPHA-MSH THERAPES FORTREATMENT 
OF AUTOMMUNE DISEASE 

The present application is a continuation of application Ser. 
No. 1 1/874,058, filed Oct. 17, 2007, now U.S. Pat. No. 7,807, 
143, which claims the priority of U.S. Provisional Patent 
Application No. 60/829,915, filed Oct. 18, 2006, the entire 
contents of each of which are specifically incorporated herein 
by reference in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention generally concerns the field of immunology, 

and more specifically concerns the treatment of autoimmune 
and inflammatory disease. Proteinaceous compositions 
described herein may be used as enteral therapeutics for the 
treatment or prevention of autoimmune and inflammatory 
disorders. 

2. Description of Related Art 
Autoimmune and disease result when an immune system 

of a Subject mounts a response against the Subjects own cells 
or proteins. In part because of the chronic nature of these 
diseases, effective treatment has proved difficult. One model 
system that is widely used in the study of autoimmune disease 
is the experimental autoimmune encephalomyelitis (EAE) 
model. EAE is a T cell mediated inflammatory autoimmune 
process of the central nervous system (CNS) that resembles 
the human demyelinating disease multiple Sclerosis (MS) 
(Alvord et al., 1965). This model provides a useful animal 
system for the evaluation of potential therapies for human 
autoimmune and disease (Raine et al., 1977: Wisnewski & 
Keith 1977: Feuer et al., 1985). Previous studies using the 
EAE model have demonstrated that immunoactive proteins 
Such as type I interferon administered orally (ingested) can 
inhibit clinical attacks in acute rat EAE and Suppresses clini 
cal relapse and inflammation in murine chronic relapsing 
EAE (U.S. patent application Ser. No. 08/844,731; Brod & 
Burns 1994; Brod et al., 1995). 

Alpha-melanocyte stimulating hormone (MSH) is a short 
amino acid hormone that is processed in vivo from the hor 
monal precursor proteins proopiomelanocortin (POMC) and 
adrenocorticotropic hormone (ACTH). The purification and 
activation of alpha-MSH precursors, such as ACTH has been 
previously described in U.S. Pat. Nos. 2.904,471 and 2,992, 
165. Furthermore, synthetic analogs of alpha-MSH have been 
developed as therapeutics and imaging agents for use in a 
variety of diseases (U.S. Pat. No. 6,338,834). However, it is 
not clear whether such analogs maintain the full repertoire of 
therapeutic functionality possessed by intact alpha-MSH 
polypeptides. 
Alpha-MSH itself immono-modulates inflammation via 

melanocortin receptor (MC-1R)-expressing monocytes, 
macrophages, and dendritic cells (DCs) (Luger et al., 2003) 
and via primed regulatory (MC5r)-expressing antigen-spe 
cific CD25" CD4 Treg cells (Tayor et al., 2001; Taylor 
2003). Interestingly, alpha-MSH generated autoantigen-spe 
cific Treg cells can adoptively transfer protection against 
autoimmunity (Namba et al., 2002), significantly impair TNF 
C-induced lymphocyte adhesion and cell adhesion molecules 
(CAMs) E-selectin, VCAM-1, and ICAM-1 (Scholzen et al., 
2003) and DTH (Taylor et al., 2000). Crude ACTH formula 
tions such as those described in PCT Appln. WO2006/021814 
may be used to treat a variety of autoimmune diseases and 
cancers. Also, U.S. Pat. No. 4,874,744 concerns alpha-MSH 
formulations for treating dermatitis. More recently, U.S. Pat. 
No. 7,169,603 described alpha-MSH concatamers and their 
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2 
use in treating a variety of disease states. Nonetheless, meth 
ods for effective treatment of autoimmune diseases by enteral 
administration of alpha-MSH have not previously been 
described. In fact, previous studies seemed to indicate that 
alpha-MSH may not be active when administered orally (Van 
der Zee et al., 1988). 

SUMMARY OF THE INVENTION 

In a first embodiment, there is provided a method for treat 
ing or delaying the onset of an autoimmune disease in a 
Subject comprising administering to the Subject an effective 
dose of an alpha-MSH monomer. Methods according to 
invention will generally involve contacting an alpha-MSH 
monomer with epithelial cells of a subject. For example, an 
alpha-MSH monomer may be administered intraocularly 
(e.g., via eye drops), enterically, intravaginally, intranasally 
or topically. As used herein enteric administration means 
administration through the digestive tract. Thus, enteric 
administration comprises oral and anal administration. In 
preferred embodiment, an alpha-MSH monomer is adminis 
tered to a subject orally. 
As used herein an alpha-MSH monomer means a polypep 

tide molecule comprising a single iteration of an alpha-MSH 
amino acid sequence. For example, an alpha-MSH monomer 
may comprise a single copy of a human alpha-MSH amino 
acid sequence as set forth in SEQ ID NO:2. Thus, in some 
aspects an alpha-MSH monomer of the invention may consist 
of the alpha-MSH sequence of SEQID NO:2. In some further 
aspects, an alpha-MSH monomer may comprise an alpha 
MSH amino acid sequence with additional amino- or car 
boxy-terminal amino acids. In certain cases such additional 
amino acid sequence may encode proteolytic cleavage sites. 
Generally, proteolytic cleavage is the process of breaking the 
peptide bonds between amino acids in proteins, carried out by 
enzymes called peptidases, proteases or proteolytic cleavage 
enzymes. Proteases often recognize specific sites where the 
peptide bond is cleaved. For instance, in certain aspects of the 
invention, Such cleavage sites may be positioned such that 
protease cleavage (e.g., cleavage in vivo following adminis 
tration) results in the release of an alpha-MSH polypeptide 
(e.g., SEQID NO:2) from the remaining amino acids. Thus, 
in some very specific cases an alpha-MSH monomer of the 
invention may comprise an ACTH polypeptide. 

In Some aspectsaan alpha-MSH monomer of the invention 
may comprise an ACTH polypeptide, for example an ACTH 
polypeptide having the sequence: 

Ser Tyr Sers Meta Glus His Phe, Args Trpo Glyo Lys 
Pro12 Valls Gly14 Lyss Lys Arg17 Argis Proo Valo 
Lys21 Val22 Tyr2s Xaa24Xaa2s Xaa26 Ala-27 Xaa2s Xaa29 
XaasoXaas Alas2 Xaass Alasa Phess Proso Xaa37 Gluss 
Phes 

as set forth in SEQID NO:13. In this instance, the amino acids 
(i.e., 24-26, 28-31, 33 and 37) designated by the “Xaa' nota 
tion may be any amino acid. However, in some preferred 
embodiments Xaa, may be an uncharged amino acids such 
as alanine or proline. In certain cases, Xaas may be a charged 
or polar amino acid such as aspartic acid or asparagine. Pre 
ferred amino acids at the Xaa, position include, but are not 
limited to, glycine, serine and Valine. Amino acid position 
Xaas will, preferably, be a negatively charged amino acid 
Such as aspartic acid or glutamic acid. In some further pre 
ferred embodiments Xaa, is an aspartic acid, glycine, 
glutamic acid or asparagine. Preferably, Xaalso and Xaa 
will, independently, be a glutamine or glutamic acid. Xaa 
will preferably be a serine or leucine residue. Whereas in 
Some preferred cases, Xaa, is a glutamic acid or valine. In 
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some further examples, an ACTH polypeptide for use in the 
current invention may be a human (SEQ ID NO:5, SEQ ID 
NO:6), pig (SEQID NO:3, SEQID NO:4), bovine (SEQ ID 
NO:7), dog (SEQID NO:8), elephant (SEQID NO:9), tama 
rin (SEQID NO:10), guinea pig (SEQID NO:11), rat/mouse 
(SEQ ID NO:12) ACTH polypeptide or a chimeric polypep 
tide of any of the foregoing sequences. In some preferred 
aspects the ACTH sequence will be a human sequence (e.g., 
SEQID NO:5 or SEQID NO:6) or a porcine sequence (e.g., 
SEQ ID NO:3) as exemplified herein. 

In yet further embodiments, alpha-MSH monomers of the 
invention may be further defineda isolated or purified alpha 
MSH monomers. For example, alpha-MSH monomers of the 
invention may be purified from tissues, produced recombi 
nantly (e.g., in bacteria) or may be chemically synthesized. In 
preferred aspects of the invention an alpha-MSH monomer 
will be purified or isolated away from the bulk of other pro 
teins in a sample. For example, in some aspects alpha-MSH 
may comprise at least 60%, 70%, 80%, 90%, 95%, 98%.99% 
or more of the total protein in a composition or sample. 

It will be understood by one of skill in the art that a peptide 
or polypeptide will typically comprise a free amino group at 
the amino terminus and a free carboxy group at the carboxy 
terminus. However, since these groups remain reactive in a 
variety of chemistries it is often preferred that the amino 
terminus, the carboxy terminus, or both terminiofa peptide or 
polypeptide be blocked or protected by addition of a less 
reactive group. For example, the amino terminus of an alpha 
MSH monomer may be blocked by an acyl group. In preferred 
embodiments, a peptide and/or polypeptide of the invention 
may comprise a dibenzyl oxy carboxyl group or an acetylated 
residue at the amino terminus. Thus, in some cases the NH 
terminus is replaced with NH CO-CH. In certain 
cases, a peptide or polypeptide may additionally or indepen 
dently comprise an amidated (e.g., the -COOH group is 
replaced by —CO NH) or esterified carboxy terminal resi 
due. Thus, in some highly preferred aspects, a peptide or 
polypeptide will comprise both an amino terminal acetylated 
residue and a carboxy terminal amidated residue. For 
instance, an alpha-MSH monomer of the invention may have 
the amino acid sequence of SEQID NO:2 wherein the amino 
terminal residue is acetylated and the carboxy terminal resi 
due is amidated. 
The skilled artisan will readily understand that alpha-MSH 

monomers may be administered in a variety of forms accord 
ing to the invention. For instance, an alpha-MSH monomer 
may be provided in liquid of Solid form. In some cases, 
alpha-MSH monomers may be provided in a aqueous solu 
tion for direct administration or in a solution that is encapsu 
lated in a pill or Suppository. In still further aspects, an alpha 
MSH monomer may be administered as an aerosol. 
Furthermore, in some aspects alpha-MSH monomers may be 
lyophilized or Suspended in a gelatinous matrix. In some 
particular cases, an alpha-MSH monomer may be provided as 
a porcine ACTH polypeptide in gel matrix (e.g., a exemplified 
in the H.P. Acthar R. Gel product). Thus, in some very specific 
aspects there is provided a method treating or delaying the 
onset of an autoimmune disease in a subject comprising enter 
ally (e.g., orally) administering to the Subject effective 
amount of H.P. Acthar R. Gel. 

In general, enteral administration means administration 
through the mouth (oranus). However, in some aspects, thera 
peutic polypeptides of the invention will be formulated such 
that the release of the polypeptide is delayed until the 
polypeptide reaches the stomach or lower gastrointestinal 
tract of the Subject. Furthermore, in certain cases, a therapeu 
tic polypeptide may be formulated in a tablet, capsule or 
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4 
Suppository. Such formulations may be employed to mediate 
slow release of the therapeutic polypeptide over an extended 
period of time. 

In some preferred aspects, the invention provides methods 
for treating or delaying the onset of an autoimmune disease in 
a human Subject. As used herein “autoimmune disease' com 
prises rheumatoid arthritis, psoriasis, type 1 diabetes, sys 
temic lupus erythematosus (SLE), transplant rejection, 
autoimmune thyroid disease (Hashimoto's disease), sarcoi 
dosis, Scleroderma, granulomatous vasculitis, Crohn's dis 
ease, ulcerative colitis, Sjögren's disease, ankylosing 
spondylitis, polymyositis dermatomyositis, polyarteritis 
nodosa, immunologically mediated blistering skin diseases, 
Behget's syndrome, multiple Sclerosis, systemic sclerosis, 
Goodpasture's disease or immune mediated glomerulone 
phritis. In some particularly preferred cases, there is provided 
methods for treating or delaying the onset of rheumatoid 
arthritis, type 1 diabetes or multiple Sclerosis. In some par 
ticularly preferred aspects, a subject for treatment by methods 
of the invention has, or is a at risk for developing, multiple 
Sclerosis. As used herein, a 'subject may be human orani 
mal. 

It will be understood to the skilled artisan that since some 
methods of the invention involve methods for delaying the 
onset of an autoimmune disease in Some cases Subjects for 
treatment according to the invention may be at risk for devel 
oping an autoimmune disease. For example, at risk Subjects 
may be defined as Subjects comprising autoimmune antibod 
ies in their blood or cerebrospinal fluid. In the case MS at risk 
patients may be defined as having Suffered precious clinical 
attacks or exacerbations or patients in which neuronal lesions 
have been detected, for example by magnetic resonance 
imaging (McDonald et al., 2001). In some cases, a patient at 
risk for developing MS is defined as a patient that presents 
with clinically isolated inflammatory demyelinating Syn 
drome (CIS) and has abnormal CNS lesions as detected by 
magnetic resonance imaging (MRI). Such a patient may be 
treated according to the invention to prevent the onset of MS. 

In still further embodiment of the invention there is pro 
vided a method for treating fever or inflammation in a subject 
comprising enterally administering to the Subject an effective 
dose an isolated alpha-MSH monomer. For example, meth 
ods of the invention may be used to treat fever associated with 
bacterial or viral infections. In further aspects, a method for 
treating inflammation may be further defined as a method for 
treating atherosclerosis, asthma, psoriasis, tissue Swelling, 
hepatic inflammation, capillary permeability, Alzheimer's 
disease, Parkinson's disease, muscle Soreness, allergic 
inflammation, headache or auto-immune inflammation. 
Methods of the invention may be of particular use in treat 

ing Subjects with liver disease since polypeptides of the 
invention would not require metabolism by the liver to be 
cleared from the body. For example, in a specific embodiment 
of the invention there is provided a method for treating 
inflammation in a subject with impaired liver function by 
administering an alpha-MSH monomer of the invention or a 
derivative thereof. Thus, methods and compositions of the 
instant invention provide an alternative Small molecule anti 
inflammatory drugs that are metabolized in the liver. A sub 

60 ject with impaired liver function may in some cases be 

65 

defined as comprising elevated levels of liver proteins (e.g., 
enzymes) in their serum. Thus, in Some cases it is contem 
plated that Subjects Suffering from chronic or acute hepatitis 
(e.g., hepatitis A infection) may be treated by methods of the 
invention. 
Alpha-MSH monomers of the invention may be adminis 

tered according to any number of protocols. For instance, in 
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Some cases, administration will be at least once per month, 
once per week, once every two days, once per day, twice per 
day, three times per day or even more frequently. Methods of 
administration may involve relatively constant administra 
tion (e.g., by spiking a Subjects drinking water with an alpha 
MSH monomeras exemplified herein). Furthermore, in some 
aspects, an alpha-MSH monomer may be constantly or con 
tinuously administered to a Subject having or at risk for devel 
oping an autoimmune disease. However, in other cases, an 
alpha-MSH monomer may be routinely administered for a 
time period of days, weeks, or months followed by a period of 
days weeks or months wherein the peptide is not adminis 
tered. For example, in the case of MS atherapeutic polypep 
tide may be administer for a period of days weeks or months 
following a clinical attack (e.g., to prevent relapse). 

In yet further aspects, methods of the invention may 
involve the administration of a second therapeutic agent 
before, after or concomitantly with the alpha-MSH monomer. 
For example the second therapeutic agent may be a soluble 
immune response Suppressor (SIRS) polypeptide (for 
example, as described in U.S. patent application Ser. No. 
1 1/570.221 which is specifically incorporated by reference 
herein), an interferon polypeptide (e.g., interferon alpha or 
tau), or an anti-inflammatory agent such as steroid. In a pre 
ferred aspect of the invention the second therapeutic agent 
may also be administered orally for instance as described in 
U.S. patent application Ser. No. 08/844,731 and PCT/ 
U.S. 2005/OO2O26. 

In a related embodiment, there is provided an alpha-MSH 
monomer provided in atherapeutic, pharmaceutically accept 
able formulation. In some preferred aspects for instance the 
alpha-MSH monomer is provided as an eye drop, nose spray, 
capsule, pill, tablet or Suppository. An alpha-MSH monomer 
for use in such a formulation may be any of the alpha-MSH 
monomers defined herein. In some particularly preferred 
aspects an alpha-MSH monomer formulation is defined as 
formulation for enteral (e.g., oral) administration. Such a 
formulation may be a slow release (i.e., release over an 
extended time period) or delayed release formulation. Slow 
release pills or Suppositories for instance, may be of particular 
use according to the invention. 

In still further embodiments, therapeutic formulations of 
the invention may comprise an alpha-MSH monomer and a 
second therapeutic agent such as a SIRS polypeptide, an 
interferon polypeptide (e.g., interferon alpha or tau), or an 
anti-inflammatory agent such as steroid. 

In still further embodiments, there is provided an alpha 
MSH polypeptidehaving the amino acid sequence of SEQID 
NO:2 wherein the amino terminus is acetylated and the car 
boxy terminus is amidated. Such a polypeptide may have use 
in the methods of the of the invention. Furthermore, an alpha 
MSH polypeptidehaving the amino acid sequence of SEQID 
NO:2 may be provided in a pharmaceutically acceptable for 
mulation. In some preferred aspects, the alpha-MSH 
polypeptide is provided as an eye drop, nose spray, capsule, 
pill, tablet or suppository. Furthermore, as described above 
Such a formulation may be defined as a slow release (i.e., 
release over an extended time period) or delayed release 
formulation. 

Embodiments discussed in the context of a methods and/or 
composition of the invention may be employed with respect 
to any other method or composition described herein. Thus, 
an embodiment pertaining to one method or composition may 
be applied to other methods and compositions of the inven 
tion as well. 
As used herein the specification, “a” or “an may mean one 

or more. As used herein in the claim(s), when used in con 
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junction with the word “comprising, the words “a 
6 

or “an 
may mean one or more than one. 
The use of the term 'or' in the claims is used to mean 

“and/or unless explicitly indicated to refer to alternatives 
only or the alternatives are mutually exclusive, although the 
disclosure Supports a definition that refers to only alternatives 
and “and/or.” As used herein “another may mean at least a 
second or more. 

Throughout this application, the term “about is used to 
indicate that a value includes the inherent variation of error 
for the device, the method being employed to determine the 
value, or the variation that exists among the study subjects. 

Other objects, features and advantages of the present 
invention will become apparent from the following detailed 
description. It should be understood, however, that the 
detailed description and the specific examples, while indicat 
ing preferred embodiments of the invention, are given by way 
of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings are part of the present specifica 
tion and are included to further demonstrate certain aspects of 
the present invention. The invention may be better understood 
by reference to the drawings in combination with the detailed 
description of specific embodiments presented herein. 

FIG. 1: One microgram ingested alpha-MSH peptide 
inhibits clinical EAE attacks in B6 mice. Mice (8/group) are 
immunized with MOG peptide 35-55 (SEQIDNO:1) and are 
injected with 0.1 ml of control saline or 1 microgram alpha 
MSH peptide as described in the Examples. One microgram 
ingested alpha-MSH peptide inhibits clinical EAE attacks 
(p<0.001, ANOVA). The figure shows combined results from 
2 separate experiments (total n=16/group). Y-axis indicates 
clinical score and X-axis indicated days post MOG adminis 
tration. 

FIG. 2: 1, 10, and 100 microgram ingested alpha-MSH 
peptide inhibits acute EAE in B6 mice. B6 mice (n=8/group) 
are immunized with MOG peptide 35-55 (SEQID NO:1) are 
gavaged with 0.1 ml of control saline, 1, 10 or 100 microgram 
alpha-MSH peptideas described in methods. One microgram 
(p<0.01), 10 microgram g (p<0.005) and 100 microgram 
(p<0.001, ANOVA) alpha-MSH peptide showed a significant 
inhibition of disease severity compared to placebo. This 
experiment shows a combination of 3 separate experiments 
(total n=16/group). Y-axis indicates clinical score and X-axis 
indicated days post MOG administration. 

FIG. 3. Ingested alpha-MSH peptide increases splenic 
lymphocyte Th1-like TNF-O, IL-1B, I-TAC, but decreases 
CNS IL-2, IFN-Y, and IL12p70. Whole splenocytes and lym 
phocytes isolated from spinal cords from mock (open col 
umns) or alpha-MSH peptide (cross hatched columns) fed 
mice were stimulated with Con A and evaluated in 3 separate 
experiments (combined; total n=16/group) using an inflam 
matory cytokine antibody array. Splenocytes from alpha 
MSH peptide fed mice showed increased production of Th1 - 
like TNF-C. (p<0.005), IL-1 B (p<0.027) and I-TAC (p<0.04). 
Lymphocytes isolated from spinal cords showed decreased 
Th1-like IL-2 (p<0.05), IFN-Y (p<0.05) and IL12p70 
(p<0.016). 

FIG. 4 Ingested alpha-MSH peptide increases in peripheral 
Th2-like IL-13, CD30, SDF-1 levels without increase from 
CNS lymphocytes. Whole splenocytes and lymphocytes iso 
lated from spinal cords from mock (open columns) or alpha 
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MSH peptide (cross hatched columns) fed mice were stimu 
lated with Con A and evaluated in 3 separate experiments 
(combined; total n=16/group) using an inflammatory cytok 
ine antibody array. Splenocytes from alpha-MSH peptide fed 
mice showed increased production of Th2-like IL-13 
(p<0.0001), CD30 (p<0.0004) and SDF-1 (p<0.028). Lym 
phocytes isolated from spinal cords from alpha-MSH peptide 
fed mice did not show significant changes between active and 
control groups. 

FIG.5Ingested alpha-MSH peptide increases splenic lym 
phocyte chemokine G-CSF, GM-CSF, MIP-1-C and TECK 
but decreases CNS G-CSF, MIP-1-C, MIP-1-y, and TECK. 
Whole splenocytes and lymphocytes isolated from spinal 
cords from mock (open columns) or alpha-MSH peptide 
(cross hatched columns) fed mice were stimulated with Con 
A and evaluated in 3 separate experiments (combined; total 
n=16/group) using an inflammatory cytokine antibody array. 
Splenocytes from alpha-MSH peptide fed mice showed 
increased production of G-CSF (p<0.05), GM-CSF (p<0.05), 
MIP-1-C. (p<0.02) and TECK (p<0.0002). Lymphocytes iso 
lated from spinal cords from alpha-MSH peptide fed mice 
showed decreased G-CSF (p<0.0001), MIP-1-C. (p<0.05) 
MIP-1-y (p<0.008) and TECK (p<0.008). 

DETAILED DESCRIPTION OF THE INVENTION 

Treatment of chronic autoimmune disease has proved to be 
a challenge even considering modern therapeutic techniques. 
Typical therapies involve the administration of immunosup 
pressive agents such as steroids. Though steroids are typically 
not highly effective they are well tolerated for long term use 
and many may be administered orally. A non-invasive method 
for administration, such as oral administration, is highly pre 
ferred in cases of chronic diseases such as multiple Sclerosis. 
In Some cases, immunomodulatory polypeptides have also be 
used for as therapeutics for autoimmune disease treatment. 
However, methods for administering therapeutic polypep 
tides typically involve intravenous or Subcutaneous injection. 
For instance, one approved therapy utilizes an injectable por 
cine ACTH (H.P. ATHARR) Gel) that is administered subcu 
taneously. Recently, it has been recognized that some 
polypeptides are biologically active when administered 
orally. However, previously it was thought that alpha-MSH 
polypeptides were typically not active as oral therapeutics. 
The studies described here clearly demonstrate that orally 

administered alpha-MSH monomers can be used as a thera 
peutic treatment for autoimmune disease. The EAE mouse 
model is a well established model system for the study of 
human autoimmune disease, more specifically multiple scle 
rosis. Studies herein show that ACTH may be orally admin 
istered to mice over an extended time period with no detect 
able toxicity. Furthermore, the oral ACTH administration 
significantly reduced clinical symptoms of autoimmune dis 
ease as compared to a placebo control in the murine EAE 
model system. Additional, post mortem studies of the mice 
also demonstrated a clear reduction in the prevalence and 
severity of spinal cord inflammation in the EAE mice. Given 
the surprising effectiveness of oral ACTH in treating disease, 
further studies were undertaken to determine whether alpha 
MSH, a proteolytic cleavage product of ACTH could be used 
with similar efficacy. Interestingly, the alpha-MSH was also 
shown to be highly effective in reducing clinical symptoms of 
disease when administered in an oral monomeric formula 
tion. Thus, these studies provide the basis for a new enteral 
formulations of alpha-MSH polypeptides for the treatment of 
autoimmune disease. 
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Clinical severity of disease symptoms (e.g. limb weakness, 

ataxia, and paraplegia) may be evaluated in various ways. In 
one embodiment of the invention, clinical severity is graded 
on a numerical scale corresponding to the number or severity 
of symptoms observed. In a specific embodiment of the 
invention, clinical symptoms in a murine model are quantified 
as follows: 0=no disease; 1 =minimal or mild hind limb weak 
ness (associated with limp tail); 2 moderate hind limb weak 
ness or mild ataxia (waddling gait and/or poor righting abil 
ity); 3-moderate to severe hind limb weakness: 4-severe 
hind limb weakness or moderate ataxia; 5-paraplegia with no 
more than moderate four limb weakness; 6 paraplegia with 
severe four limb weakness or severe ataxia. In another 
embodiment of the invention, disease symptoms are evalu 
ated by number of inflammatory foci per CNS segment or 
area. In a very specific embodiment, these evaluations of 
inflammatory foci are conducted by direct visual observation 
of the subject CNS post-mortem. 

Mitogen stimulation reflects non-antigen and antigen-spe 
cific responses, thus the cytokine profiles of stimulated spleen 
cells or stimulated CNS lymphocytes may also be used to 
evaluate disease. Stimulation may be provided by NK (natu 
ral killer) and T cell stimulant ConA, or MOG peptide 35-55 
(SEQ ID NO:1). Thus, in one embodiment of the invention, 
disease is evaluated by Th1-like cytokines (e.g. IL-2, IFN-Y, 
IL12p70, TNF-ct, IL-1 B, I-TAC, RANTES), Th2-like cytok 
ines (e.g. IL-4, IL-10, IL-13, CD30, SDF-1, TCA-3) and 
certain specific cytokines referred to as chemokines (e.g. 
G-CSF, GM-CSF, MIP-1-C, MIP-1-y, TECK). Cytokines, 
including chemokines, that may be profiled to evlaute disease 
include, but are not limited to: BLC, CD30L, eotaxin, 
eotaxin-2, FAS ligand, fractalkine, G-CSF, GM-CSF, IFN 
gamma, IL-1alpha, IL-1beta, IL-2, IL-3, IL-4, IL-6, IL-9, 
IL-10, IL-12p40, IL-12p70, IL-13, IL-17, I-TAC, KC, Leptin, 
LIX, lymphotactin, MCP-1, M-CSF, MIG, MIP-1-alpha, 
MIP-1-gamma, RANTES, SDF-1, TCA-3, TECK, TIMP-1, 
TIMP-2, TNF-alpha, sTNF RI, STNF RII. 
The new methods disclosed herein address one of the great 

est obstacles to treating chronic disease Such autoimmune 
disease, that is longterm tolerance of the therapeutic regimen. 
Such tolerance takes into account not only biological toler 
ance, but also psychological tolerance in patients undergoing 
therapy. Injectable therapeutics are far from ideal for the 
treatment of chronic disease. Consent injection can result in 
lasting damage to the tissues around the injection site and is 
painful and inconvenient for patients. Additionally, injection 
of any substance into the body increases the risk for infection 
by bacteria or viruses that may be present in the therapeutic 
formulations or on the injection apparatus itself. The instant 
invention enables methods for oral administration of potent 
immunomodulatory polypeptides. Surprisingly, these 
polypeptides remain highly active in an oral formulation and 
are effective for treating autoimmune disease. These new oral 
therapeutic polypeptides are particularly well adapted for 
prolonged administration that is often required for the treat 
ment of chronic disease. 
I. Diagnosis and Therapy for Autoimmune Diseases 

Diagnosis 
In the case of some systemic rheumatic diseases detection 

of antinuclear antibodies (ANA) may be used a method for 
diagnosis (Breen & Golightly, 1998). Likewise, islet cell 
specific immune responses may be used to diagnose type I 
diabetes. However, in most cases clinical criteria for autoim 
mune diagnosis are used. In the case of MS, diagnosis is 
typically made using a clinical criteria or clinical criteria in 
combination with paraclincal data as described in McDonald 
et al. (2001). For example, paraclinical data from magnetic 
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resonance imaging (MRI) or gadalinium (Gd) assisted MRI 
may be used as a diagnostic tool. In this case, MS may 
diagnosed by detection of three out of four of 1 Gd-enhanc 
ing or 9 T2 hyperintense lesions if no Gd-enhancing lesion; 1 
or more infratentorial lesions; 1 or more juxtacortical lesions; 
or 3 or more periventricular lesions. It has been found in the 
case of MS that ~90% of MS patients initially presented with 
clinically isolated inflammatory demyelinating syndrome 
(CIS). CIS presentation in combination with paraclincal data 
(i.e., abnormal MRI) is a strong predictor of MS. Five years 
after presentation with CIS ~65% of patients with abnormal 
MRIs developed MS while only ~3% of patients with normal 
MRIs go on to develop MS. Additional paraclinical assays 
that may be employed in MS diagnosis include detection of 
altered brain wave forms (potentials) or detections of oligo 
clonal IgG in cerebral spinal fluid. 

Therapy 
Alpha-MSH monomers according to the instant invention 

may also be used in conjunction with other therapies that are 
used for the treatment of inflammation and/or autoimmune 
diseases. Such secondary therapies can include Small mol 
ecule drugs as well as therapeutic nucleic acids or polypep 
tides. Anti-inflammatory agents, for example, are agents that 
decrease the signs and symptoms of inflammation. A wide 
variety of anti-inflammatory agents are known to one of skill 
in the art. Most commonly used are the nonsteroidal anti 
inflammatory agents (NSAIDs) which work by inhibiting the 
production of prostaglandins. Non-limiting examples 
include, ibuprofen, ketoprofen, piroXicam, naproxen, 
naproxen Sodium, Sulindac, aspirin, choline Subsalicylate, 
diflunisal, oxaprozin, diclofenac sodium delayed release, 
diclofenac potassium immediate release, etodolac, ketorolac, 
fenoprofen, flurbiprofen, indomethacin, fenamates, meclofe 
namate, mefenamic acid, nabumetone, oxicam, piroxicam, 
Salsalate, tolmetin, and magnesium salicylate. Another group 
of anti-inflammatory agents comprise steroid based potent 
anti-inflammatory agents, for example, the corticosteroids 
which are exemplified by dexamethason, hydrocortisone, 
methylprednisolone, prednisone, and triamcinolone as non 
limiting examples. Several of these anti-inflammatory agents 
are available underwell known brand names, for example, the 
NSAIDs comprising ibuprofen include Advil, Motrin IB, 
Nuprin; NSAIDs comprising acetaminophens include Tyle 
nol; NSAIDs comprising naproxen include Aleve. 
As discussed Supra, certain known immunomodulatory 

polypeptides may also be used in accordance with the inven 
tion. Such polypeptides include, but are not limited to, SIRS, 
interferon-alpha and interferon-tau. 
II. Therapeutic Compositions 

Pharmaceutical compositions of the present invention 
comprise an effective amount of an alpha-MSH monomerand 
at least one additional agent dissolved or dispersed in a phar 
maceutically acceptable carrier. The phrases “pharmaceutical 
orpharmacologically acceptable' refers to molecular entities 
and compositions that do not produce an adverse, allergic or 
other untoward reaction when administered to an animal, 
Such as, for example, a human, as appropriate. The prepara 
tion of an pharmaceutical composition that contains an alpha 
MSH monomer or additional active ingredient will be known 
to those of skill in the art in light of the present disclosure, as 
exemplified by Remington's Pharmaceutical Sciences, 18th 
Ed. Mack Printing Company, 1990, incorporated herein by 
reference. Moreover, for animal (e.g., human) administration, 
it will be understood that preparations should meet sterility, 
pyrogenicity, general safety and purity standards as required 
by FDA Office of Biological Standards. 
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As used herein, “pharmaceutically acceptable carrier' 

includes any and all solvents, dispersion media, coatings, 
Surfactants, antioxidants, preservatives (e.g., antibacterial 
agents, antifungal agents), isotonic agents, absorption delay 
ing agents, salts, preservatives, drugs, drug stabilizers, gels, 
binders, excipients, disintegration agents, lubricants, Sweet 
ening agents, flavoring agents, gels (e.g., gelatin), dyes. Such 
like materials and combinations thereof, as would be known 
to one of ordinary skill in the art (see, for example, Reming 
ton's Pharmaceutical Sciences, 18th Ed. Mack Printing Com 
pany, 1990, pp. 1289-1329, incorporated herein by refer 
ence). Except insofar as any conventional carrier is 
incompatible with the active ingredient, its use in the thera 
peutic or pharmaceutical compositions is contemplated. 
A pharmaceutical composition of the present invention 

comprising an alpha-MSH monomoer may also comprise 
different types of carriers depending on whether it is to be 
administered in solid, liquid or aerosol form, and whether it 
need to be sterile. The present invention can be administered 
intranasally, intravitreally, intravaginally, intrarectally, topi 
cally, mucosally, intraocularally, orally, topically, locally, via 
inhalation (e.g. aerosol inhalation), via a lavage, incremes, in 
lipid compositions (e.g., liposomes), or by other method or 
any combination of the forgoing as would be known to one of 
ordinary skill in the art (see, for example, Remington's Phar 
maceutical Sciences, 18th Ed. Mack Printing Company, 
1990, incorporated herein by reference). 
The actual dosage amount of a composition of the present 

invention administered to an animal patient can be deter 
mined by physical and physiological factors such as body 
weight, severity of condition, the type of disease being 
treated, previous or concurrent therapeutic interventions, idi 
opathy of the patient and on the route of administration. The 
practitioner responsible for administration will, in any event, 
determine the concentration of active ingredient(s) in a com 
position and appropriate dose(s) for the individual Subject. 

In certain embodiments, pharmaceutical compositions 
may comprise, for example, at least about 0.1% of an active 
compound. In other embodiments, the an active compound 
may comprise between about 2% to about 75% of the weight 
of the unit, or between about 25% to about 60%, for example, 
and any range derivable therein. 

In any case, the composition may comprise various anti 
oxidants to retard oxidation of one or more component. Addi 
tionally, the prevention of the action of microorganisms can 
be brought about by preservatives such as various antibacte 
rial and antifungal agents, including but not limited to para 
bens (e.g., methylparabens, propylparabens), chlorobutanol, 
phenol, Sorbic acid, thimerosal or combinations thereof. In 
the case of proteinacious compositions of the invention, it 
may also be preferable that the action of proteases be inhib 
ited during storage of Such alpha-MSH compositions. This 
can be accomplished by the additional of protease inhibitors 
and/or the storage of the compositions at low temperature 
prior to administration. 

In embodiments where compositions according to the 
invention are provided in a liquid form, a carrier can be a 
Solvent or dispersion medium comprising but not limited to, 
water, ethanol, polyol (e.g., glycerol, propylene glycol, liquid 
polyethylene glycol, etc.), lipids (e.g., triglycerides, Veg 
etable oils, liposomes) and combinations thereof. The proper 
fluidity can be maintained, for example, by the use of a 
coating, Such as lecithin; by the maintenance of the required 
particle size by dispersion in carriers such as, for example 
liquid polyol or lipids; by the use of Surfactants such as, for 
example hydroxypropylcellulose; or combinations thereof 
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such methods. In many cases, it will be preferable to include 
isotonic agents, such as, for example, Sugars, sodium chloride 
or combinations thereof. 
The composition must be stable under the conditions of 

manufacture and storage, and preserved against the contami 
nating action of microorganisms, such as bacteria and fungi. 
It will be appreciated that endotoxin contamination should be 
kept minimally at a safe level, for example, less that 0.5 ng/mg 
protein. 

In certain embodiments, an oral composition may com 
prise one or more binders, excipients, disintegration agents, 
lubricants, flavoring agents, and combinations thereof. In 
certain embodiments, a composition may comprise one or 
more of the following: a binder, Such as, for example, gum 
tragacanth, acacia, cornstarch, gelatin or combinations 
thereof an excipient, such as, for example, dicalcium phos 
phate, mannitol, lactose, starch, magnesium Stearate, sodium 
saccharine, cellulose, magnesium carbonate or combinations 
thereof a disintegrating agent, such as, for example, corn 
starch, potato starch, alginic acid or combinations thereof, a 
lubricant, such as, for example, magnesium Stearate; a Sweet 
ening agent. Such as, for example, Sucrose, lactose, Saccharin 
or combinations thereof: a flavoring agent. Such as, for 
example peppermint, oil of wintergreen, cherry flavoring, 
orange flavoring, etc.; or combinations thereof the foregoing. 
When the dosage unit form is a capsule, it may contain, in 
addition to materials of the above type, carriers such as a 
liquid carrier. Various other materials may be present as coat 
ings or to otherwise modify the physical form of the dosage 
unit. For instance, tablets, pills, or capsules may be coated 
with shellac, Sugar or both. 

Additional formulations which are suitable for other 
modes of administration include Suppositories. Suppositories 
are solid dosage forms of various weights and shapes, usually 
medicated, for insertion into the rectum, vagina or urethra. 
After insertion, Suppositories soften, melt or dissolve in the 
cavity fluids. In general, for Suppositories, traditional carriers 
may include, for example, polyalkylene glycols, triglycerides 
or combinations thereof. In certain embodiments, supposito 
ries may be formed from mixtures containing, for example, 
the active ingredient in the range of about 0.5% to about 10%, 
and preferably about 1% to about 2%. 

Dosages 
Alpha-MSH monomers of the invention will generally be 

used in an amount effective to achieve the intended purpose. 
For use to treat or prevent a disease condition, the molecules 
of the invention, or pharmaceutical compositions thereof, are 
administered or applied in atherapeutically effective amount. 
A therapeutically effective amount is an amount effective to 
ameliorate or prevent the symptoms, or prolong the Survival 
of the patient being treated. Determination of a therapeuti 
cally effective amount is well within the capabilities of those 
skilled in the art, especially in light of the detailed disclosure 
provided herein. 

For systemic administration, a therapeutically effective 
dose can be estimated initially from in vitro assays. For 
example, a dose can be formulated in animal models to 
achieve a circulating concentration range that includes the 
ICs as determined in cell culture. Such information can be 
used to more accurately determine useful doses in humans. 

Initial dosages can also be estimated from in vivo data, e.g., 
animal models, using techniques that are well known in the 
art. One having ordinary skill in the art could readily optimize 
administration to humans based on animal data. 
The amount of molecules administered will, of course, be 

dependent on the Subject being treated, on the Subjects 
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weight, the severity of the affliction, the manner of adminis 
tration and the judgment of the prescribing physician. 
The therapy may be repeated intermittently while symp 

toms detectable or even when they are not detectable. The 
therapy may be provided alone or in combination with other 
drugs. In the case of autoimmune disorders, the drugs that 
may be used in combination with alpha-MSH monomers of 
the invention include, but are not limited to, Steroid and non 
steroid anti-inflammatory agents. 
Methods for estimating dose conversions between animal 

models and humans have previously been developed. In gen 
eral these algorithms have been used to extrapolate an animal 
dose to a dose that would be tolerated by a human. For 
example, method for dose conversions have previously been 
disclosed by Freireich et al. (1966). The conversion methods 
taught by Freireich calculate equivalent doses between spe 
cies using surface area (m) rather than mass (kg), a method 
that correlates much more closely to actual data than body 
mass conversions. Specifically, Freireich teaches how to use 
an animal 10% lethal dosage (LDo) value to estimate the 
maximum tolerated doses in a human. Freireich also dis 
cussed method for converting a dose in mg/kg to a dose in 
mg/m by using the “km' conversion factor for the given 
animal. For example, in the case of a laboratory mouse the km 
is approximately 3.0. Thus, in mice mg/m-k, (3.0 for 
mice)xdose in mg/kg. 
More recent studies regarding species dose scaling have 

further elaborated upon the methods of Freireich. These 
newer studies have reduced error associated with conversion 
between species to determine human tolerable doses. For 
example, Watanabe et al. (1992) describes that a conversion 
of doses between species using body surface area may not be 
the most accurate method per se for predicting a human 
equivalent dosage. Nonetheless, the Scaling factors set forth 
by Watanabe yield results that are within the margin of error 
of the older Freireich conversions. Currently accepted meth 
ods for determining a proper starting dose in humans expand 
upon the methods set forth by Freireich. For example, Mah 
mood etal. (2003) provides a discussion regarding the choice 
of a proper starting dose in humans given dose studies in 
animals. 
II. Toxicity 

Preferably, a therapeutically effective dose of alpha-MSH 
monomer described herein will provide therapeutic benefit 
without causing Substantial toxicity. 

Toxicity of the molecules described herein can be deter 
mined by standard pharmaceutical procedures in cell cultures 
or experimental animals, e.g., by determining the LDs (the 
dose lethal to 50% of the population) or the LDoo (the dose 
lethal to 100% of the population). The dose ratio between 
toxic and therapeutic effect is the therapeutic index. Proteins 
which exhibit high therapeutic indices are preferred. The data 
obtained from these cell culture assays and animal studies can 
be used in formulating a dosage range that is not toxic for use 
in human. The dosage of the proteins described herein lies 
preferably within a range of circulating concentrations that 
include the effective dose with little or no toxicity. The dosage 
may vary within this range depending upon the dosage form 
employed and the route of administration utilized. The exact 
formulation, route of administration and dosage can be cho 
sen by the individual physician in view of the patient’s con 
dition. (See, e.g., Finglet al., 1975). 
III. Polypeptides 

In additional aspects of the invention alpha-MSH mono 
mers (e.g., ACTH molecules) may be further modified by 
amino Substitutions, for example by Substituting an amino 
acid at one or more positions with an amino acid having a 
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similar hydrophilicity. The importance of the hydropathic 
amino acid index in conferring interactive biologic function 
on a protein is generally understood in the art (Kyte & 
Doolittle, 1982). It is accepted that the relative hydropathic 
character of the amino acid contributes to the secondary struc 
ture of the resultant protein, which in turn defines the inter 
action of the protein with other molecules, for example, 
enzymes, Substrates, receptors, DNA, antibodies, antigens, 
and the like. Thus such conservative substitution can be made 
in alpha-MSH and will likely only have minor effects on their 
activity and in vivo efficacy. As detailed in U.S. Pat. No. 
4.554,101, the following hydrophilicity values have been 
assigned to amino acid residues: arginine (+3.0); lysine 
(+3.0); aspartate (+3.0+1); glutamate (+3.0+1); serine (+0.3); 
asparagine (+0.2); glutamine (+0.2); glycine (O); threonine 
(-0.4); proline (-0.5+1); alanine (0.5); histidine -0.5); cys 
teine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); 
isoleucine (-1.8); tyrosine (2.3); phenylalanine (-2.5); tryp 
tophan (-3.4). These values can be used as a guide and thus 
substitution of amino acids whose hydrophilicity values are 
within +2 are preferred, those that are within +1 are particu 
larly preferred, and those within +0.5 are even more particu 
larly preferred. Thus, any of the alpha-MSH monomers 
described herein may be modified by the substitution of an 
amino acid, for different, but homologous amino acid with a 
similar hydrophilicity value. Amino acids with hydrophilici 
ties within +/-1.0, or +/-0.5 points are considered homolo 
gOuS. 

It will also be understood that certain amino acids have 
specific properties, and thus any amino acid substitution will 
abolish said property. For example cysteine residues have the 
unique ability to form di-sulfide bonds, that can be crucial for 
protein structure and activity. Thus, a Substitution of cysteine 
residue for any other amino acid may be expected, by one of 
skill in the art, to alter the activity of a protein. 

Furthermore, alpha-MSH monomers may comprise one or 
more modified or unusual amino acid such as 2 Aminoadipic 
acid, 3 Aminoadipic acid, Balanine, BAmino propionic acid, 
2 Aminobutyric acid, 4 Aminobutyric acid, piperidinic acid. 6 
Aminocaproic acid, 2 Aminoheptanoic acid, 2 Aminoisobu 
tyric acid, 3 Aminoisobutyric acid, 2 Aminopimelic acid, 
alpha-methyl leucine, 2,4 Diaminobutyric acid, Desmosine, 
2.2' Diaminopimelic acid, 2.3 Diaminopropionic acid, N Eth 
ylglycine, N Ethylasparagine, Hydroxylysine, allo Hydroxy 
lysine, 3 Hydroxyproline, 4 Hydroxyproline, Isodesmosine, 
allo Isoleucine, Acetylated-lysine, N Methylglycine, sar 
cosine, N Methylisoleucine, 6 N Methyllysine, N Methylva 
line, Norvaline, Norleucine or Ornithine. For example nor 
leucine, a non-templated amino acid that is formed by 
deamination of lysine, may be substituted at one or more 
positions. In certain cases alpha-MSH monomers of the 
invention may incorporate amino acids of the "D' chirality 
that do not naturally occur in proteins, and are thereby resis 
tance to degradation. 

In a some embodiments, alpha-MSH monomers may be 
from cells that are made to over express the protein. For 
instance cells may be transformed with a nucleic acid vector 
that expresses alpha-MSH polypeptide or a precursor thereof 
(e.g., ACTH). These cells may comprise mammalian cells, 
bacterial cells, yeast cell, insect cells, whole organisms, or 
other cells that may be a useful source recombinant protein. 
The alpha-MSH monomer may then be purified from the cells 
by method know to those of skill in the art. 

In still other embodiments an alpha-MSH monomer may 
be purified from an animal or animal tissue. For instance, 
porcine ACTH may be purified from pig pituitary glands. 
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Methods for purification of alpha-MSH monomers have been 
previously described for example in U.S. Pat. Nos. 2.903,471 
and 2,992,165. 

Thus, in certain embodiments, the invention concerns iso 
lated DNA segments and/or recombinant vectors that encode 
alpha-MSH monomers. The skilled artisan will readily rec 
ognize that nucleic acids encoding an alpha-MSH monomer 
may be easily synthesized and cloned into an appropriate 
expression vector for polypeptide expression. 

In some cases it may be preferable that the recombinant 
alpha-MSH monomers be fused with additional amino acid 
sequence. For example, expressed protein may be tagged for 
purification. Some possible fusion proteins that could be gen 
erated include histadine tags, Glutathione S-transferase 
(GST), Maltose binding protein (MBP), Flag and myc tagged 
alpha-MSH. These additional sequences may be used to aid in 
purification of the recombinant protein, and in some cases 
may then be removed by protease cleavage. For example 
coding sequence for a specific protease cleavage site may be 
inserted between the alpha-MSH coding sequence and the 
purification tag coding sequence. One example for Such a 
sequence is the cleavage site for thrombin. Thus fusion pro 
teins may be cleaved with the protease to free the alpha-MSH 
monomer from the purification tag. In further embodiments, 
recombinant an alpha-MSH monomer may be further com 
prise a secretion signal that allow the recombinant protein to 
be secreted from expressing cells. Thus in some embodi 
ments, alpha-MSH monomers may be purified from the 
media of expressing cells. 
Any of the wide variety of vectors known to those of skill 

in the art could be used to express or over express proteins 
according to the invention. For example, plasmids, phagmids 
or viral vectors may be used. In certain embodiments vectors 
for expression of alpha-MSH may comprise a promoter 
sequence. In some applications the promoter sequence may 
be a regulated or inducible promoter. In applications in which 
eukaryotic expression vectors are used the vector may further 
comprise a poly-adenylation signal sequence. It is well under 
stood to these of skill in the art that these vectors may be 
introduced in to cells by a variety of methods including but 
not limited to, transfection (e.g., by liposome, calcium phos 
phate, electroporation, particle bombardment, etc.), transfor 
mation, and viral transduction. In some additional embodi 
ments, the expression vectors of the invention may be stably 
maintained in cells. For example the expression region may 
be integrated into the genomic DNA of the expressing cell. 
Alternatively or additionally, the expression vector may fur 
ther comprise drug resistance marker that allow selection of 
cells that express the vector by treatment of a cell population 
with said drug. 

In certain embodiments it is also contemplated that alpha 
MSH monomers finay be chemically synthesized, and puri 
fied by methods know to those in the art. For example, rapid, 
high fidelity methods for peptide and polypeptide synthesis 
for instance have been described by Miranda & Alewood 
(1999). 

EXAMPLES 

The following examples are included to further illustrate 
various aspects of the invention. It should be appreciated by 
those of skill in the art that the techniques disclosed in the 
examples that follow represent techniques and/or composi 
tions discovered by the inventor to function well in the prac 
tice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the 
art should, in light of the present disclosure, appreciate that 
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many changes can be made in the specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention. 

Example 1 

Oral ACTH Treatment of EAE Mice 

EAE is a T cell mediated inflammatory autoimmune pro 
cess of the CNS that resembles in some aspects the human 
demyelinating disease multiple Sclerosis. It thus provides a 
useful animal model for the evaluation of potential therapies 
for MS. Currently, intramuscular ACTH (adreno–cortico 
trophic hormonefcorticotrophin; ACTHARR) Gel) is the only 
FDA approved treatment for MS relapses. Orally adminis 
tered ACTH is examined to determine whether it can increase 
clinical recovery in EAE mice compared to placebo after 
mice show clinical signs of neurological disease. This proto 
col mimics clinical practice since patients are treated with 
ACTHARR) Gel after they experience a clinical exacerbation 
of their disease, albeit clinical treatment is via intramuscular 
injection. 

Breifly, C57BL/6 mice are actively immunized with 
myelin oligodendroglial (MOG) peptide 35-55 (MEVGW 
YRSPFSRVVHLYRNGK, SEQ ID NO: 1) in Freund's 
Incomplete Adjuvant and followed for evidence of disease. 
Clinical severity is graded daily by a blinded observer as 
follows: 0=no disease; 1 =minimal or mild hind limb weak 
ness (associated with limp tail); 2 moderate hind limb weak 
ness or mild ataxia (waddling gait and/or poor righting abil 
ity); 3-moderate to severe hind limb weakness: 4-severe 
hind limb weakness or moderate ataxia; 5 paraplegia with no 
more than moderate four limb weakness; 6 paraplegia with 
severe four limb weakness or severe ataxia. 
At the onset of clinical disease, mice were randomized to 

one of 4 treatment groups, and fed with 0.1 ml of saline 
(mock) or 10, 100 or 1000 microgram (194 mg/ml at 80USP/ 
ml) of ACTHARR) Gel (porcine ACTH-Ser-Tyr-Ser-Met 
Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-Lys-Lys-Arg 
Arg-Pro-Val-Lys-Val-Tyr-Pro-Asp-Gly-Ala-Glu-Asp-Gln 
Leu-Ala-Glu-Ala-Phe-Pro-Leu-Glu-Phe: SEQ ID NO:3) 
diluted in 0.1 ml saline daily until the end of the experiment. 
Following administration, clinical outcome is measured in at 
least two ways: by comparing the difference between group 
active treatment scores and placebo group scores from day 
26-33 post immunization, and comparing group mean scores 
directly (day 17-35 post-immunization). Following sacrifice, 
spinal cords are removed and evaluated independently for 
foci of inflammation by a blinded observer. Results from two 
repetitions of this protocol are discussed below. 

Example 1-A 

Mice treated with a 10 or 1000 microgram oral dose of 
ACTH show significantly improved recovery from EAE 
attack compared to placebo (10 microgram VS placebo, 
p-0.03: 1000 microgram vs placebo, p<0.05) comparing the 
difference between group active treatment and placebo group 
scores. There are significantly less inflammatory foci in the 
10 microgram fed group (mean group inflammatory 
score=305+0.3, p<0.008) and 1000 microgram fed group 
(mean group inflammatory score 2.27+0.23, p<0.00002) 
compared to the control mock placebo group (mean daily 
group score 4.72:0.34). When comparing group mean 
scores directly, oral doses of 10, 100, and 1000 microgram all 
show significantly faster recovery compared to placebo (10 
microgram 1.58+0.03 vs placebo, p<0.00006; 100 micro 
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gram 2.0+0.06 vs placebo, p<0.00008: 1000 microgram 
1.99+0.06 vs placebo 2.68+0.06, p<0.00009) (See Table 1). 
Thus, ingested ACTH promotes significantly faster recovery 
from acute EAE and decreases inflammation in spinal cord. 

Example 1-B 

Mice treated with a 10 or 1000 microgram oral dose of 
ACTH show significantly improved recovery from EAE 
attack compared to placebo (10 IU vs placebo, p<0.0001; 100 
IU vs placebo, p<0.0003: 1000 IU vs placebo, p<0.0007) 
comparing the difference between group active treatment and 
group placebo scores (See Table 2). When comparing group 
mean scores directly, oral 10 and 1000 IU ACTH shows 
significantly improved recovery from EAE attack compared 
to placebo (10 IU vs placebo, p<0.00001; 100 IU vs placebo, 
p<0.00006; 1000 IU vs placebo, p<0.00003) comparing the 
difference between active treatment and placebo (See Table 
3). 

TABLE 1 

Summary of Oral ACTH Therapy 

Treatment 

ACTH ACTH ACTH 
Day Control 10 100 1OOO 

Clinical 17 2 63 2 1.5 
Score 18 2.25 88 2.13 2.38 

19 2.25 63 2 2.38 
2O 2.38 63 2.38 2.25 
21 2.38 63 2.38 2 
22 2.63 63 2.5 2.25 
23 2.75 75 2.25 2.25 
24 2.88 63 2.25 2.13 
25 2.63 75 2.25 2.13 
26 2.63 75 2 2.13 
27 2.75 63 2 2.13 
28 2.88 38 2 2 
29 2.88 5 1.75 1.88 
30 2.75 5 1.63 1.75 
31 2.88 5 1.63 1.75 
32 3 38 1.63 1.75 
33 3 375 1.75 1.75 
34 3.13 5 1.75 1.75 
35 3.13 38 1.75 1.75 

Mean 2.69 S8 2 1.99 
St Dew O.O6 O.O3 O.O6 O.O6 

P value O.OOOO6 O.OOOOO7 O.OOOOO9 

Values represent the mean daily scores from 8 eight animals per treatment group, 

TABLE 2 

Summary of oral ACTH Therapy 

Treatment 

ACTH ACTH ACT 
Day Control 10 IU 100 IU 1OOOIU 

Clinical 25 2.19 1.69 1.94 1.88 
Score 26 2.5 1.75 1.94 2.13 

27 2.31 1.63 2.06 2.13 
28 2.31 1.63 1.75 2 
29 2.25 1.88 1.63 1.63 
30 2.69 1.63 1.44 1.63 
31 2.25 1.44 1.31 1.44 
32 2.13 1.38 1.38 1.44 
33 2 1 1.44 1.44 
40 1.94 1.25 1.38 1.13 

Mean 2.29 1.55 1.62 1.75 
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TABLE 2-continued 

Summary of oral ACTH Therapy 

Treatment 

ACTH ACTH ACT 
Day Control 10 IU 100 IU 1OOOIU 

St Dew O.O7 O.09 O.09 O.1 
P value O.OOO1 O.OOO3 O.OOO7 

Values represent the mean daily scores from 8 eight animals per treatment group, 

TABLE 3 

Summary of oral ACTH Therapy 

Treatment 

ACTH ACTH ACTH 
Day Control 10 IU 100 IU 1OOOIU 

Clinical 17 1.5 1.5 1.63 1.75 
Score 18 2.13 1.75 1.88 2 

19 2.5 1.88 1.88 2 
2O 2.88. 2.13 2 2.13 
21 3.13 2.13 2.13 2.13 
22 3 1.88 2.13 2.25 
23 2.88. 2.13 2.13 2.38 
24 3 2 2.25 2.38 
25 2.88. 2.13 2.25 2.38 
26 2.88. 2.13 2.25 2.25 
27 2.75 2.13 2.38 2.38 

Mean 2.68 1.98 2.08 2.18 
St Dew O.14 O.O6 O.O7 O.O6 

P value O.OOOO1 OOOOO6 O.OOOO3 

Values represent the mean daily scores from 8 eight animals per treatment group, 

Example 2 

Oral Alpha-MSH Treatment of EAE Mice 

Alpha MSH is an in vivo proteolytic cleavage product of 
ACTH with known immunomodulatory function. Therefore 
the ability of oral alpha-MSH to inhibit EAE attacks in mice 
is examined. 

Example 2-A 

Briefly, C57BL/6 mice are actively immunized with 
myelin oligodendroglial (MOG) peptide 35-55 (MEVGW 
YRSPFSRVVHLYRNGK, SEQIDNO: 1) in incomplete Fre 
unds adjuvant and studies for evidence of disease. As, 
described above, clinical severity is graded daily. Clinical 
severity was graded daily as follows by a blinded observer: 
0 no disease: 1-minimal or mild hind limb weakness (asso 
ciated with limp tail); 2-moderate hind limb weakness or 
mild ataxia (waddling gait and/or poor righting ability); 
3-moderate to severe hind limb weakness: 4-severe hind 
limb weakness or moderate ataxia; 5 paraplegia with no 
more than moderate four limb weakness; 6 paraplegia with 
severe four limb weakness or severe ataxia. The mice are fed 
with 0.1 ml of saline (mock) or 10, 100 or 1000 microgram 
alpha-MSH (Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp 
Gly-Lys-Pro-Val-NH; SEQIDNO:2) diluted in 0.1 ml saline 
daily from day -7 preceding active immunization, and con 
tinuing through day +14 post immunization. Clinical out 
comes are measured by comparing group mean scores 
directly. Following sacrifice, spinal cords are removed and 
evaluated independently for foci of inflammation by a blinded 
observer. As shown in FIG. 1 one microgram (ug) of alpha 
MSH peptide shows significant inhibition of EAE compared 
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18 
to placebo (p<0.01, ANOVA) with significant inhibition of 
disease severity and a prolonged delay in the onset of disease 
compared to placebo. In particular, administration of alpha 
MSH peptide resulted in disease plateau after 22 days. 

Example 2-B 

In repeat experiments using ingested 1, 10 or 100 micro 
gram, alpha-MSH peptide shows a significant inhibition of 
disease severity compared to placebo for all doses although 
100 ug delayed disease onset compared to 1 microgram 
alpha-MSH and decreased overall disease severity compared 
to 10 microgram alpha-MSH (p<0.001). See FIG. 2. Ingested 
alpha-MSH peptide shows a dose-response effect with 100 
microgram showing the most profound clinical effect. 

Example 2-C 

Mice are also examined histologically 30 days following 
immunization. There are significantly less inflammatory foci 
in the 1 microgram alpha-MSH peptide fed group (3.5+1.3), 
10 microgram galpha-MSH peptide fed group (5.0+1.31), 
100 microgram alpha-MSH peptide fed group (2.3-0.1) com 
pared to the control mock (saline) group (8.7+1.7) (p<0.03). 

Example 2-D 

The cytokine profiles of ConA stimulated spleen cells, are 
also compared in mock fed versus alpha-MSH peptide fed 
mice. Whole splenocytes (spleen lymphocytes) from mock 
fed mice or alpha-MSH peptide fed mice are stimulated with 
Con A and measured using an inflammatory cytokine anti 
body array. Splenocytes from 1 Jug alpha-MSH peptide fed 
mice show increased production of BCL, CD30L, eotaxin, 
fractalkine, G-CSF, IL-1C., IL-9, IL-13, KC, leptin, MIP-1-C, 
SDF-1, TCA-3, TECK, and TNF-C. (Table 4). Splenocytes 
from 10 ug alpha-MSH peptide fed mice show increased 
production of CD30L, GM-CSF, IL-1C., IL-12p70, IL-13, 
KC, MIP-1-C, RANTES, SDF-1, TCA-3, TECK, and TNF-C. 
(Table 2). Splenocytes from 100 g alpha-MSH peptide fed 
mice showed increased production of BCL, CD30L, GM 
CSF, IL-1C., IL-2, IL-13, leptin, MIP-1-C, SDF-1, TECK, 
TIMP-1, and TNF-C. (Table 4). There are no significant 
changes in Con A Stimulated eotaxin-2, FAS ligand, fracta 
lkine, IFN-Y, IL-1B, IL-3, IL-4, IL-10, IL-12p40, IL-17, lym 
photactin, LIX, MCP-1/CCL2, M-CSF, MIG, MIP-1-Y and 
TIMP-2 between spleen cells from mock fed and alpha-MSH 
peptide fed mice. 

Example 2-E 

The cytokine profiles of ConA stimulated spleen and cord 
lymphocyte cells in mock fed versus 100 ug alpha-MSH 
peptide fed mice are also compared. Spleens and spinal cords 
(CNS) from each treatment group were aseptically removed 
and single cell Suspensions prepared. In spinal cords, whole 
cords were passed through a cell strainer for CNS lympho 
cytes (B & D, Franklin Lakes, N.J.) and spun at 600 rpm 
several times to separate lymphocytes from CNS tissue. Sple 
nocytes and cord lymphocytes from grouped saline fed or 100 
ugalpha-MSH peptide fed mice were stimulated with the NK 
and T cell stimulant Con A, or with 10 ug (MOG) peptide 
35-55 (MEVGWYRSPFSRVVHLYRNGK, SEQID NO:1). 
Murine cytokine responses were examined using a custom 
ized RayBio Mouse Cytokine Inflammatory Antibody Array 
including Th1-like (IL-2, IFN-Y, IL12p70, TNF-C., IL-1 B, 
I-TAC, RANTES), Th2-like cytokines (IL-4, IL-10, IL-13, 
CD30, SDF-1, TCA-3) and chemokines important for target 
organ migration (G-CSF, GM-CSF, MIP-1-C, MIP-1-Y, 
TECK) using the RayBioantibody array Analysis tool appli 
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cation (RayBiotech, Inc., Norcross, Ga.). Results were 
grouped from mice fed saline or mice fed with 100 ug alpha 
MSH peptide from grouped samples of three separate experi 
ments (each sample performed in duplicate) and expressed as 
pg/ml+SEM (student t-test). 

For Th1-like cytokines, comparing alpha-MSH fed to 
mock fed, there was increase peripheral (splenic) lymphocyte 
production of TNF-C., IL-1B, I-TAC without similar increases 
in the CNS. See FIG. 3. In contrast, CNS lymphocytes 
showed decreases in levels of Th1-like cytokines IL-2, IFN-Y, 
and IL12p70 in the alpha-MSH fed group compared to the 
mock fed group. For Th2-like cytokines, there were increases 
in peripheral IL-13, CD30, SDF-1 levels without increase in 
secreted IL-13, CD30, SDF-1 from CNS lymphocytes com 
paring alpha-MSH fed vs mock fed groups. See FIG. 4. With 
regard to chemokines, there were peripheral (splenic) 
increases in G-CSF, GM-CSF, MIP-1-C and TECK with sig 
nificant decreases of G-CSF, MIP-1-C, MIP-1-y, TECK in the 
CNS comparing alpha-MSH fed mice vs mock fed mice. FIG. 

10 

15 

5. There were no significant changes in Con A stimulated 20 
IL-4, IL-10, lymphotactin, RANTES or TCA-3 in either com 
partment between spleen cells and CNS lymphocytes com 
paring mock fed and alpha-MSH peptide fed mice. 

TABLE 4 

20 
All of the compositions and methods disclosed and 

claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described interms of preferred embodiments, it will be appar 
ent to those of skill in the art that variations may be applied to 
the compositions and methods and in the steps or in the 
sequence of steps of the method described herein without 
departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certainagents which 
are both chemically and physiologically related may be Sub 
stituted for the agents described herein while the same or 
similar results would beachieved. All such similar substitutes 
and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the 
invention as defined by the appended claims. 

REFERENCES 

The following references, to the extent that they provide 
exemplary procedural or other details Supplementary to those 
set forth herein, are specifically incorporated herein by refer 
CCC. 

Cytokine expression following alpha-MSH administration 

Protein Control 1 Lig p value 10 ug p value 100 g p value 

BLC 278 68 983 187 O.O2S 793 - 281 0.1 810 - 165 0.03 
CD3OL 168 64 676 110 OO17 633 - 164 O.05 581 101 O.O2 
eotaxin 401 116 O37 - 116 0.028. 1066 - 128 O.O2 842-90 O.O6 
eotaxin-2 998. 379 90S 21O O.8 837 - 294 O.25 7SO 154 (0.43 
FAS ligand 78 29 24952 O.04 204 71 O.18 18965 O16 
ractalkine 126 - 41 760 - 104 OOO)4 SSO 194 O.09 485 - 176 O.09 
G-CSF 215 83 OO1 164 OO18 762 - 182 0.08 78S 204 0.07 
GM-CSF 142 46 796336 0.09 OO3 - 217 O.OO6 615 - 182 0.03 
FN-gamma 1097 - 296 467 448 O.08 467 404 O.O94 116O 289 0.61 
L-1alpha 623 175 582 - 176 O.O2 530 - 161 O.O3 1289 - 123 O.047 
L-1beta 163 62 627 193 0.08 588 - 251 0.15 596 - 174 O.O7 
L-2 16937 793 3O8 O.1 O39 - 328 0.04 727-2O1 O.O44 
L-3 743 - 242 SSS S11 O.2 194 - 345 0.09 1427 457 0.25 
L-4 522 - 158 220 239 O.12 282 - 288 0.12 1088 - 196 O.13 
L-6 S1783 692. 318 O.S9 122 452 O2 974 - 4O2 0.26 
L-9 3.3586 943 - 144 O.04 788 - 111 OO6 645 108 O.17 
L-10 216 68 396 466 O.O7 938 268 O.O7 1009-306 0.08 
L-12p40 O2O 251 687 - 228 O.21 747 - 263 O.2 1928 401 (0.21 
L-12p70 741 - 203 70S 27O O.09 627 188 O.04 1354 - 174 (0.12 
L-13 175 SS O72 - 190 O.O1 O38 - 149 O.OO6 835 20S 0.03 
L-17 234 462 239 - 312 0.98 789 .333 O.11 677 - 145 0.19 
-TAC 471 138 O77 152 O.O7 OS33O8 O.2 846 - 178 O.22 
KC 184 61 512 116 O.O2 652, 172 O.044 401 - 141 013 
Leptin 444 134 239 - 177 O.O27 234 271 O.O8 964 - 117 O.04 
LIX OO1 402 133 - 267 0.45 147 - 284 0.67 996 - 279 0.97 
ymphotactin 642, 438 2036,454 O.68 995 - 246 0.62 810 438 O.86 
MCP-1 131 - 288 72091 O.08 847297 0.08 686 232 O.O7 
M-CSF 336 - 423 855 243 O.46 910 - 274 0.39 468 383 0.87 
MIG 989 - 392 352 410 O.S8 385 447 0.6 898 - 180 O.85 
MIP-1-alpha 329 117 941 - 94 O.O16 931 - 132 0.047 87295 O.04 
MIP-1- 740 - 651 892 - 315 O.36 O74,327 O.43 O21 248 0.38 
gamma 
RANTES 2O89592 472 407 O.044 364 - 329 O.OS 276 - 268 0.09 
SDF-1 15242 691.96 O.OO3 54892 O.O11 SO1 72 O.OO2 
TCA-3 722, 203 247S 450 O.O32 217O 381 O.O3 782308 O.O7 
TECK 164 48 704 103 O.O1 S3734 O.OO3 497 - 83 O.O2 
TIMP-1 571 - 239 713 SS2 0.1 362 - 393 0.1 290 280 004 
TIMP-2 428 136 282 - 240 OO6 O9927O 0.14 OSS 79 O.O2 
TNF-alpha 31O 90 798 - 1 SO O.O3 O29 - 157 0.01 OOO 113 O.OO1 
STNFRI 1314 258. 2046 439 O.32 663 SSO 0.67 596 - 175 O.S 
STNFRII 1244, 343 752 - 420 O.S2 345 288 O.87 S45 - 333 O.65 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 13 

<21 Os SEQ ID NO 1 
&211s LENGTH: 21 
212s. TYPE: PRT 
<213> ORGANISM: Mus musculus 

<4 OOs SEQUENCE: 1 

22 
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PCT Applin. WO2006/021814 
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Remington’s Pharmaceutical Sciences, 18th Ed. Mack Print 

ing Company, pp. 1289-1329, 1990. 
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Suresh et al., Methods in Enzymology, 121:210-228, 1986. 
Taylor et al., Ann NYAcad Sci., 917:239-247, 2000. 
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Taylor, Cell Mol Biol (Noisy-le-grand), 49:143-149, 2003. 
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Met Glu Val Gly Trp Tyr Arg Ser Pro Phe Ser Arg Val Val His Lieu. 
1. 5 1O 

Tyr Arg Asn Gly Lys 
2O 

<21 Os SEQ ID NO 2 
&211s LENGTH: 13 
212s. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 

Ser Tyr Ser Met Glu. His Phe Arg Trp Gly Llys Pro Val 
1. 5 1O 

<21 Os SEQ ID NO 3 
&211s LENGTH: 39 
212s. TYPE: PRT 
<213> ORGANISM: Sus scrofa domestica 

<4 OOs SEQUENCE: 3 

15 

Ser Tyr Ser Met Glu. His Phe Arg Trp Gly Llys Pro Val Gly Lys Lys 
1. 5 1O 15 

Arg Arg Pro Val Llys Val Tyr Pro Asp Gly Ala Glu Asp Glin Lieu Ala 
2O 25 

Glu Ala Phe Pro Lieu. Glu Phe 
35 

<21 Os SEQ ID NO 4 
&211s LENGTH: 39 
212s. TYPE: PRT 
<213> ORGANISM: Sus scrofa 

<4 OOs SEQUENCE: 4 

3 O 



Ser Tyr Ser Met Glu 
1. 5 

Arg Arg Pro Val Lys 
2O 

Glu Ala Phe Pro Leu 
35 

<210s, SEQ ID NO 5 
&211s LENGTH: 39 
212. TYPE: PRT 
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- Continued 

His Phe Arg Trp Gly Llys Pro Val Gly Lys Llys 
1O 15 

Val Tyr Pro Asn Gly Ala Glu Asp Glu Lieu Ala 
25 3O 

Glu Phe 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 5 

Ser Tyr Ser Met Glu 
1. 5 

Arg Arg Pro Val Lys 
2O 

Glu Ala Phe Pro Leu 
35 

<210s, SEQ ID NO 6 
&211s LENGTH: 39 
212. TYPE: PRT 

His Phe Arg Trp Gly Llys Pro Val Gly Lys Llys 
1O 15 

Val Tyr Pro Asn Gly Ala Glu Asp Glu Ser Ala 
25 3O 

Glu Phe 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 6 

Ser Tyr Ser Met Glu 
1. 5 

Arg Arg Pro Val Lys 
2O 

Glu Ala Phe Pro Leu 
35 

<210s, SEQ ID NO 7 
&211s LENGTH: 39 
212. TYPE: PRT 

&213s ORGANISM: Bos 

<4 OO > SEQUENCE: 7 

Ser Tyr Ser Met Glu 
1. 5 

Arg Arg Pro Val Lys 
2O 

Glin Ala Phe Pro Leu 
35 

<210s, SEQ ID NO 8 
&211s LENGTH: 39 
212. TYPE: PRT 

His Phe Arg Trp Gly Llys Pro Val Gly Lys Llys 
1O 15 

Val Tyr Pro Asn Gly Ala Asp Asp Glu Ser Ala 
25 3O 

Glu Phe 

talurus 

His Phe Arg Trp Gly Llys Pro Val Gly Lys Llys 
1O 15 

Val Tyr Pro Asn Gly Ala Glu Asp Glu Ser Ala 
25 3O 

Glu Phe 

<213> ORGANISM: Canis familiaris 

<4 OOs, SEQUENCE: 8 

Ser Tyr Ser Met Glu 
1. 5 

Arg Arg Pro Val Lys 
2O 

Glu Ala Phe Pro Wall 
35 

His Phe Arg Trp Gly Llys Pro Val Gly Lys Llys 
1O 15 

Val Tyr Pro Asn Gly Ala Glu Asp Glu Ser Ala 
25 3O 

Glu Phe 

24 
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<210s, SEQ ID NO 9 
&211s LENGTH: 39 
212. TYPE: PRT 

<213> ORGANISM: Loxodonta africana 

<4 OOs, SEQUENCE: 9 

Ser Tyr Ser Met Glu. His Phe Arg Trp Gly Llys Pro Val Gly Lys Lys 
1. 5 1O 15 

Arg Arg Pro Val Llys Val Tyr Pro Asn Gly Ala Glu Gly Glu Ser Ala 
2O 25 3O 

Glu Ala Phe Pro Leu Glu Phe 
35 

<210s, SEQ ID NO 10 
&211s LENGTH: 39 
212. TYPE: PRT 

<213> ORGANISM: Saguinus oedipus 

<4 OOs, SEQUENCE: 10 

Ser Tyr Ser Met Glu. His Phe Arg Trp Gly Llys Pro Val Gly Lys Lys 
1. 5 1O 15 

Arg Arg Pro Val Llys Val Tyr Pro Asn. Ser Ala Glu Asn. Glu Ser Ala 
2O 25 3O 

Glu Ala Phe Pro Leu Glu Phe 
35 

<210s, SEQ ID NO 11 
&211s LENGTH: 39 
212. TYPE PRT 
<213> ORGANISM: Cavia porcellus 

<4 OOs, SEQUENCE: 11 

Ser Tyr Ser Met Glu. His Phe Arg Trp Gly Llys Pro Val Gly Lys Lys 
1. 5 1O 15 

Arg Arg Pro Val Llys Val Tyr Ala Asn Gly Ala Glu Glu Glu Ser Ala 
2O 25 3O 

Glu Ala Phe Pro Leu Glu Phe 
35 

<210s, SEQ ID NO 12 
&211s LENGTH: 39 
212. TYPE: PRT 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 12 

Ser Tyr Ser Met Glu. His Phe Arg Trp Gly Llys Pro Val Gly Lys Lys 
1. 5 1O 15 

Arg Arg Pro Val Llys Val Tyr Pro Asn Val Ala Glu Asn. Glu Ser Ala 
2O 25 3O 

Glu Ala Phe Pro Leu Glu Phe 
35 

<210s, SEQ ID NO 13 
&211s LENGTH: 39 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: General ACTH sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (24) . . (26) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
22 Os. FEATURE: 

26 
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- Continued 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (28) ... (31) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (33) . . (33) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (37) . . (37) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<4 OOs, SEQUENCE: 13 

Ser Tyr Ser Met Glu. His Phe Arg Trp Gly Llys Pro Val Gly Lys Lys 
1. 5 1O 15 

Arg Arg Pro Val Llys Val Tyr Xaa Xala Xaa Ala Xaa Xaa Xala Xaa Ala 
2O 25 

Xaa Ala Phe Pro Xala Glu Phe 
35 

What is claimed is: 

1. A method for treating or delaying the onset of a T cell 
mediated inflammatory autoimmune disease in a human Sub 
ject comprising orally administering to the Subject an effec 
tive dose of ACTH (adrenocorticotropic hormone). 

2. The method of claim 1, wherein the ACTH is blocked at 
the amino terminus, the carboxy terminus or both. 

3. The method of claim 2, wherein the ACTH is acetylated 
at the amino terminus and amidated at the carboxy terminus. 

25 

30 

4. The method of claim 1, wherein the ACTH is adminis 
tered in a liquid form. 

5. The method of claim 1, wherein the ACTH is adminis 
tered in a solid form. 

6. The method of claim 1, wherein the disease is rheuma 
toid arthritis, psoriasis, type 1 diabetes, transplant rejection, 
or multiple Sclerosis. 

7. The method of claim 6, wherein the disease is multiple 
Sclerosis. 


